Objective: To examine possible associations between active commuting (walking or cycling) to school, parameters of adiposity and lifestyle factors in 14-year-old adolescents of the Kiel Obesity Prevention Study. Subjects: A total of 626 14-year-old adolescents. Methods: Measured body mass index (BMI), fat mass (FM), distance to school as well as self-reported modes and duration of commuting to school, time spent in structured and unstructured physical activities (PAs), media use, nutrition, alcohol consumption and smoking. Results: Parameters of adiposity did not differ between different commuting modes after stratifying by gender. Active commuters reported higher overall PA, which was caused by commuting activity and time spent in unstructured PA in girls and just by commuting activity in boys. In active commuters, 28.4% of overall PA was explained by commuting activity. Additionally, TV viewing was lower in active commuters. Compared to their inactively commuting counterparts, actively commuting boys were less likely to smoke. After controlling for potential confounders the interaction term 'active commuting by distance to school' and 'time spent in structured PA' were independent predictors of FM, whereas active commuting by itself showed no effect. Conclusion: The present data suggest that active commuting to school per se does not affect FM or BMI until considering distance to school. Increasing walking or cycling distance results in decreasing FM. However, the everyday need to get to and from school may enhance adolescents' overall PA.
Introduction
Low levels of physical activity (PA) and a sedentary lifestyle are associated with pediatric and adolescent overweight and obesity (Andersen et al., 1998; Dennison et al., 2002; Eisenmann et al., 2002; Padez et al., 2005; Hancox and Poulton, 2006) . Promoting children's and adolescents' PA may produce long-term maintenance and provide the basis for an active adult lifestyle (Pate et al., 1996; Telama et al., 1997; Taylor et al., 1999) and thus may reduce incidence of overweight and obesity. Evidence-based guidelines for school-aged youth recommend X60 min per day of moderate to vigorous PA (Strong et al., 2005) . However, leisure time activities are becoming more sedentary, with television viewing and computer or video games among the most popular choices (Andersen et al., 1998) . However, besides planned sports or exercise there are opportunities to increase PA in daily routines, for example through active commuting to school by means of walking or cycling. In Germany, a nationwide transportation survey indicates that between 1976 and 2002 the proportion of all trips made by walking or cycling decreased from 43 to 31% (INFAS and DIW, 2004) . Forty-one percent of all school-aged children and adolescents now use public transportation to school and 13% are taken by car (Federal Statistical Office Germany, 2000) . Thus, national and international initiatives are designed to promote walking and cycling to school (US Department of Health and Human Services, 2000; Federal Ministry of Transport, Building and Housing, 2002) to increase the level of PA among children and adolescents. Indeed, Tudor-Locke et al. (2003) reported a daily energy expenditure up to 44.2 kcal higher in actively commuting compared to inactively commuting adolescents. However, the impact of active commuting to school on children's and adolescents' parameters of adiposity is not well documented.
This cross-sectional study was conducted to determine if eighth-grade students who walked or cycled to school on a regular basis had lower body mass index (BMI) or fat mass (FM) than those who did not. A secondary purpose was to characterize possible differences in PA, media use, nutrition and risk behavior (that is alcohol consumption and smoking) between adolescents with different commuting modes.
Methods

Study design
Data were collected as part of the Kiel Obesity Prevention Study (KOPS), which is an ongoing study started in 1996 in Kiel (Northwest Germany). Details of study design and recruitment procedure have been described elsewhere Danielzik et al., 2005) . Briefly, between April 2004 and September 2005 heads of all 35 secondary schools in Kiel were contacted twice and informed about the study. Four heads refused participation because of lack of time in progression of the school year and lack of interest (n ¼ 1 and n ¼ 3, respectively). Thus, 31 schools participated in our study. In these schools, all eighth-grade students were invited to attend the study. Participation was on a voluntary basis. About 51.3% of the 4349 eligible students agreed to take part in the investigation. No information was obtained about the 2117 students who did not participate in the study. Signed informed consent was obtained from all parents or guardians for all students and the study protocol was approved by the local Ethical Committee of the ChristianAlbrechts-University of Kiel. Parameters of adiposity of the adolescents were measured in school. Afterwards, adolescents completed a questionnaire (adolescents' questionnaire) about commuting mode and the lifestyle factors PA, media use, nutrition and risk behavior as described below. Fourweek test-retest reliability of items measuring commuting mode, PA and media use was performed among 225 adolescents (50.2% boys). The test-retest findings are presented with the description of individual items. A second questionnaire (parents' questionnaire) was given to the adolescents for their parents which included parental body mass and height (Danielzik et al., 2004) . It was filled out at home and sent back to the Institute with a response rate of 63.5%.
Parameters of adiposity
All anthropometric measurements were performed by trained nutritionists and students of nutrition science of the Christian-Albrechts-University of Kiel following standard procedures. Body mass was recorded to the nearest 0.1 kg using a calibrated digital scale (Model 861; Seca Vogel Halke, Hamburg, Germany) with subjects wearing light underwear only. Body height was measured to the nearest 0.5 cm using a portable stadiometer (Model 214; Seca Vogel Halke). BMI (kg/m 2 ) was calculated and international age-and genderspecific cutoffs were used to define overweight (Cole et al., 2000) . These cutoffs approximate adult values for overweight (25 kg/m 2 ). Four skinfold-thickness measurements (triceps, biceps, suprailiacal and subscapular) were taken in triplicate to the nearest 1 mm on the right side of the body according to the criteria described by Lohman et al. (1988) using a Lafayette skinfold caliper (Model 01127; Lafayette Instrument Company, Lafayette, IN, USA). The average of the three measurements at each side was used for calculating the sum of four skinfolds. Bioelectric impedance analysis was conducted with body impedance analyzer (BIA 2000-C; Data Input, Frankfurt, Germany), percentage FM was calculated using a population-specific algorithm derived from measurements with air-displacement plethysmography in a group of 158 5 to18-year-old children and adolescents (Bosy-Westphal et al., 2005) . Overfat was defined as percentage FM exceeding the ninetieth age-and gender-specific percentile of the KOPS population (n ¼ 2232). Waist circumference (WC) was assessed to the nearest centimeter midway between the rib cage and the superior border of the iliac crest using a tape measure. Tanner stage of pubertal development (pubic hair stages for both sexes, breast stage for girls and genitalia stages for boys) was assessed by the adolescents themselves by standard pictures (Tanner, 1962) on scales from 2 to 5, a procedure validated by Duke et al. (1980) .
Commuting modes
Participants completed a supervised questionnaire at school. To assess active commuting to school subjects were asked, 'How do you typically get to and from school?' Response choices were (1) by walking, (2) by bicycle, (3) by bus, (4) by car and (5) other. Answers were given for summer and winter times separately. Additionally, the duration of a single trip was assessed. Distance from adolescents' home to school was objectively measured using ViaMichelin online route planner (http://www.viamichelin.de) taking into account school as well as residential address data. The shortest route was used. Adolescents were categorized according to their commuting mode. Active commuting was defined as walking or cycling to school both in summer and in winter. Inactive commuting was defined as traveling to school by bus or by car both in summer and in winter. Thereby, only adolescents with a distance to school between X1.5 and p11.0 km were included into the analyses to standardize the two groups. The shortest distance covered inactively was Associations between active commuting and fat mass B Landsberg et al 1.5 km, whereas the longest distance covered actively was 11.0 km. The median distance to school was 3.5 km (interquartile range (IQR): 2.0-5.5 km). For those adolescents reporting walking or cycling to school, total time of commuting activity was computed assuming two trips per day and 10 trips per week, respectively. Time spent in active commuting to school was assumed to be 0 in those adolescents who reported traveling to school by bus or by car.
Percentage agreement (reliability) was 91.6% for commuting mode in summer and 89.3% for commuting mode in winter. Test-retest correlation for the duration of a single trip was r ¼ 0.93 (Po0.01).
Lifestyle factors
Physical activity and media use. The adolescents' PA and media use was assessed with the adolescents' questionnaire, whose validity has been described elsewhere . Participation in regular structured PA outside school was provided by the adolescents, who gave information on the weekly duration. Participation in regular unstructured PA, for example jogging and skating, and its average weekly duration was also assessed. Time spent in structured and unstructured PAs was summed up to provide a measure of total time of sport activity. Overall PA was calculated by summing up commuting activity and sport activity. Meeting the PA recommendations for youth was defined as spending X60 min per day in PA (overall PA X7 h per week) according to Strong et al. (2005) . Media use was reported by the adolescents providing time (hours per day) they usually spent in TV viewing and computer use on a typical weekday.
Percentage agreement (reliability) for participating in structured PA was 93.3%. Test-retest correlation for duration of structured PA was r ¼ 0.50 (Po0.01). Percentage agreement for participation in unstructured PA was 89.2%. Test-retest correlation for duration in unstructured PA was r ¼ 0.35 (Po0.01). Test-retest correlation was r ¼ 0.58 (Po0.01) and r ¼ 0.68 (Po0.01) for TV viewing and computer use, respectively.
Nutrition and risk behavior. Dietary intake was recorded by a 26 item validated food frequency questionnaire (Mast et al., 1998) . Food items were classified in categories as follows: never, 1-2 times/week, 3-5 times/week and daily. Five 'healthy' items (whole meal bread/granola, fruits, vegetables, fish, milk/diary products (yoghurt, cheese and quark)) and five 'risk-related' items (white bread, meat/sausage, soft drinks, fast food and sweets/chips) were chosen to characterize dietary pattern. Consumption of X3 'healthy' foods and o3 'risk-related' foods at least 3-5 times/week corresponds to a 'healthy dietary pattern', consumption of X3 'risk-related' foods and o3 'healthy' foods at least 3-5 times/week corresponds to a 'risk-related dietary pattern', and consumption of X3 'healthy' foods and X3 'risk-related' foods at least 3-5 times/week or consumption of o3 'healthy' foods and o3 'risk-related' foods at least 3-5 times/week corresponds to a 'mixed dietary pattern'.
Risk behavior was defined as alcohol consumption and smoking behavior. Habitual alcohol consumption was assessed according to: never, once/month, 2-3 times/month, at least once/week. For the analysis, the latter two categories were combined. Adolescents were also asked whether they smoked or not.
Social and parental characteristics
Socioeconomic status (SES) of the adolescents was defined using mode of school at time of the measurement. 'Low' SES was assigned to adolescents who attended a school with nine school years, 'middle' SES to those who attended a school with 10 school years, and 'high' SES to those who attended a school with at least 12 school years. Nationality of adolescents and their families was acquired and transformed into a dichotomous variable (German versus non-German). Self-reported body mass and height were obtained in 400 mothers and 350 fathers and converted into BMI, a BMI of X25 kg/m 2 was considered as overweight (WHO, 2000) .
Statistical analysis
Because all parameters used were not normally distributed (except for percentage FM), results are presented as the median and IQR. Differences between commuting modes were tested by using nonparametric Mann-Whitney U-test.
With the w 2 test prevalences of categorical variables were compared. The independent associations of commuting mode, the interaction term 'commuting mode by distance to school', PA (structured and unstructured), media use (television viewing and computer use), nutrition and risk behavior (alcohol consumption and smoking) with percentage FM and BMI were tested by using general linear models (analysis of covariance). BMI was log 10 -transformed before analyses because it was not normally distributed. All analyses were adjusted for gender, Tanner stage and the interaction term 'gender by Tanner stage'. Data were re-analyzed in a second model with additional adjustment for nationality and SES of the adolescents. In a third model, additional adjustment was made for parental overweight. Duration of structured and unstructured PAs, TV viewing and computer use were introduced into the model as continuous variables. In categorical variables the 'worst' category was used as reference. Because there were 226 and 276 missing values of maternal and paternal BMI, respectively, these missing values were considered as dummy variables. All analyses were performed by using SPSS for WINDOWS software (version 13.0; SPSS Inc., Chicago, IL, USA), and the level of significance was set at Po0.05 (two-sided).
Results
Sample characteristics
Complete data sets on anthropometric measurements, PA and media use were available for 2193 (1111 female and 1082 male subjects) out a total of 2232 adolescents examined. Data on commuting mode were collected in a subgroup of 1519 adolescents (772 females and 747 male subjects). Finally, for this study, a total of 626 subjects (298 female and 328 male subjects) were retained meeting the inclusion criteria of having a distance to school between X1.5 and p11.0 km and not changing the commuting mode between summer and winter time. There were a few differences between this sample and those adolescents who did not fulfill the inclusion criteria. In general, the study sample had a higher proportion of adolescents with high SES and a higher proportion of adolescents participating in structured PA. Overall PA was higher, whereas time spent in TV viewing was lower in the study population when compared to excluded adolescents. Characteristics of the study population are presented in Table 1 . Active commuters were significantly younger than inactive commuters. In adolescents reporting active commuting mode, the proportion of non-Germans was lower when compared to adolescents reporting inactive commuting mode. Active commuters more frequently had a high SES. All differences persisted after stratifying by gender. Actively commuting girls were more mature compared to their inactively commuting counterparts.
Commuting mode About 62.6% (175 female and 217 male subjects) of adolescents were active commuters, 37.4% (123 female and 111 male subjects) were inactive commuters. About 8.9% (25 female and 31 male subjects) walked and 50.0% (138 female and 175 male subjects) cycled to school. About 3.7% (12 female and 11 male subjects) changed between walking and cycling between seasons. About 31.5% (104 female and 93 male subjects) took the bus and 4.6% (15 female and 14 male subjects) got driven by car in summer as well as in winter. About 1.3% (four female and four male subjects) changed between bus and car. Active commuters had a shorter distance to school than inactive commuters and spent less time in commuting to school (Table 3) .
Commuting mode and parameters of adiposity When compared with adolescents reporting an inactive commuting mode adolescents coming to school actively had significantly lower skinfolds and a lower FM (Table 2) . No significant group differences were detected for BMI and prevalence of overweight and overfatness. After stratifying by gender no differences in parameters of adiposity remained between adolescents with different commuting modes.
Commuting mode and lifestyle factors
In general, adolescents reporting active commuting mode had more leisure time PA than adolescents reporting inactive commuting mode (Table 3) , that is a higher proportion of active commuters participated in structured and unstructured PAs and active commuters spent more time in structured and unstructured PAs. Consequently, overall sport activity and overall PA were markedly higher in adolescents reporting active commuting mode to school. In active commuters, 28.4% of overall PA was explained by commuting activity. Associations between active commuting and fat mass B Landsberg et al
Less than one-third of inactive commuters met the recommendations of at least 60 min PA per day. Without commuting activity nearly one-half of active commuters met these recommendations. Including commuting activity in active commuters resulted in an increase in the proportion of adolescents meeting the recommendations (by 19%). Overall, TV viewing was lower in adolescents walking or cycling to school. When compared with inactive commuters a lower proportion of active commuters smoked. By contrast, dietary pattern and alcohol consumption did not differ between adolescents with different commuting modes. Similar results were found after stratifying by gender.
Both actively commuting girls and boys were more likely to participate in structured PA than their inactively commuting counterparts. A higher proportion of boys reporting active commuting to school participated in unstructured PA. Females reporting active commuting to school were characterized by longer duration of unstructured PA. Consequently, actively commuting girls showed higher overall sport activity. Overall PA was higher in actively commuting girls as well as in boys. Girls and boys reporting active commuting were more likely to attend at least 60 min PA per day even when omitting commuting activity. Concurrently, TV viewing was markedly lower in actively commuting girls and boys compared to their inactively commuting counterparts. Actively commuting boys were also less likely to smoke.
Independent association between parameters of adiposity and predictor variables
The results of the general linear models testing the independent association between FM and predictor variables are presented in Table 4 . After adjustment for gender, Tanner stage and the interaction term 'gender by Tanner stage' (model 1), the interaction term 'active commuting by distance to school' and 'time spent in structured PA' were independent predictors of FM. Further adjustment for nationality and SES of the adolescents (model 2), and even for parental overweight (model 3), the interaction term 'active commuting by distance to school' and 'time spent in structured PA' remained as independent predictors of FM. Age at examination did not affect the results. FM was significantly correlated with BMI (r ¼ 0.68, Po0.01). However, when BMI was substituted for FM in the general linear models, after full adjustment only non-smoking remained as independent predictor of BMI.
Discussion
Commuting mode and parameters of adiposity The principle aim of this study was to determine the association between active commuting to school and parameters of adiposity in adolescents. We found that after controlling for potential confounders, active commuting per se showed no effect either on FM or on BMI. However, there was a significant association between the interaction term 'active commuting by distance to school' and FM suggesting that in actively commuting adolescents FM decreased with increasing distance between home and school.
To our knowledge, only one other study has examined the effect of active commuting to school on body composition in children taking into account commuting distance (Heelan et al., 2005) . These authors have used an active commuting Significant difference between commuting modes (Mann-Whitney U-test, Po0.05). b According to the international age-and gender-specific BMI cutoffs (Cole et al., 2000) . to and from school index considering commuting distance and frequency of active commuting in US children aged between 9 and 11 years. They found a positive association between this index and BMI but no significant correlation between the index and FM. These findings were surprising and may be explained by a high proportion of overweight children and the age of the sample. Compared to our study, Heelan et al. (2005) had almost twice as much overweight subjects (32.8% versus 17.7%) which may modify the effect of active commuting on BMI and FM. In addition, in our study population, the proportion of active commuters was considerably higher (62.6 versus 33.3%). This may limit the comparability between the two studies. Our data suggest a negative association between increasing commuting distance and FM in actively commuting adolescents. In primary schools, the distance to school is assumed to be less Abbreviations: IQR, interquartile range; PA, physical activity. Active commuting ¼ walking or cycling, inactive commuting ¼ by bus or car, commuting activity ¼ time spent in active commuting to school, overall sport activity ¼ time spent in structured PA þ time spent in unstructured PA, overall PA ¼ time spent in active commuting to school þ overall sport activity.
than in secondary schools. Thus, the effect of the commuting distance on FM may be greater in adolescents than children. In a longitudinal study, Rosenberg et al. (2006) found lower skinfolds and BMI in active commuting male fourth graders at baseline. This was not seen in girls. However, a period of 2 years consistent active commuting to school did not affect skinfolds or BMI in boys and girls. Contrary to studies in adults (Bell et al., 2002; Gordon-Larsen et al., 2005; Wen et al., 2006) , active modes of transportation to school did not predict overweight. However, the authors did not consider distance to school.
It has previously been suggested that frequent walking and cycling, regardless of intensity and destination, expends energy and is therefore important to prevent overweight (Tudor-Locke et al., 2001) . Our results indicate that active commuting per se does not provide sufficient amounts of PA to affect adolescents' FM or BMI and that walking or cycling distance has to be taken into account. However, in light of increasing sedentary lifestyles and high levels of pediatric and adolescent obesity, any opportunity to increase children's and adolescents' PA should be supported. Incorporating more PA into daily life, for example through walking or cycling, is also seen as an important goal in long-term maintenance of initial increases in PA (Ekblom and Astrand, 2000; Owen et al., 2000) .
Commuting mode and lifestyle factors
The second purpose of this study was to characterize possible differences in PA, media use, nutrition and risk behavior between adolescents with different commuting modes. We found that actively commuting adolescents were characterized by a higher level of overall PA. Similar results have been reported for 10-year-old children (Cooper et al., 2003 . By contrast, among 5-year-old children, commuting mode to school did not significantly affect overall PA (Metcalf et al., 2004) , suggesting that walking to school may be more effective for older children and adolescents.
We found that mean commuting activity was about 30.0 min per day in actively commuting adolescents. In a US study walking to school was associated with approxi- mately 24 additional minutes of objectively measured moderate to vigorous PA per day in fifth-grade students (Sirard et al., 2005) . As a result of the lower levels of overall PA adolescents reporting inactive commuting mode to school were less likely to meet the recommendations for PA. Omission of active commuting to school decreased the prevalence of adolescents meeting recommended levels of PA by about 20%. Thus, active commuting to school contributes to reach PA recommendations. Similar results have been found by Tudor-Locke et al. (2002) in 7 to 13year-old Russian children.
To explain high PA of active commuters includes differences in appreciation of activity and walking or cycling in the morning, which may again stimulate further activity throughout the day (Alexander et al., 2005) . The present findings suggest important public health implications as active commuting to school is a potential source of PA.
Barriers for active commuting
Parental concerns as well as social and physical neighborhood environment may influence the choice of children's and adolescents' commuting mode to school (DiGuiseppi et al., 1998; Timperio et al., 2004; McMillan, 2005; Kerr et al., 2006; Timperio et al., 2006) . (i) The paucity of other children in the neighborhood and (ii) no lights or crossings for children to use or (iii) busy traffic along school route have been considered as major barriers for active commuting (Timperio et al., 2006) . In addition, long distance to school may also serve as a barrier against active commuting (Martin and Carlson, 2002) . In a recently published US study, 36% of parents reported distance as a major perceived barrier to their child active commuting (Heelan et al., 2005) . However, onethird of these parents lived within 0.8 km of their child's school which questions the subjective estimates of the parents. In the present study, we did not assess factors that influence adolescents' commuting mode but when compared to adolescents reporting active commuting, those using motorized transportation had longer distance to school (that is by 3.5 km). Thus, distance to school serves as a barrier against active commuting.
A further finding reserves attention: active commuting girls were younger, but more mature when compared with their inactively commuting counterparts. Thus, maturity may influence the parental barrier of confidence in allowing their child to walk or cycle to school.
Study strength and limitations
This study provides one of the first data linking active commuting plus distance to school and parameters of adiposity in adolescents. It is one of the few studies that includes objectively measured distance to school in the analyses. However, our study has some limitations. Data on duration of commuting to school, time spent in structured and unstructured PAs, TV viewing and computer use were based on self-report. Future research should include objective measures of PA and/or energy expenditure to determine the contribution of active commuting to school to energy balance and thus its influence on FM and BMI. Actual frequency of using the respective commuting mode is also an important element that may explain differences in parameters of adiposity. Inability to include this variable may have the effect of overestimating commuting activity and thus overall PA. The exclusion of 893 adolescents by the use of our inclusion criteria limits the generalizability of the findings and we cannot rule out the possibility of selection bias. However, differences in overall PA between excluded adolescents and those in the study sample were o5%. Thus, these differences do not affect our conclusions. The crosssectional nature of our study design restricts conclusions about causality. Thus, we cannot conclude that active commuting to school exceeding a specific distance will reduce FM. Longitudinal studies are needed to determine the effect of active commuting on current and future parameters of adiposity, levels of PA and other health outcomes, for example risk factors of cardiovascular diseases.
In summary, the present data suggest that active commuting to school per se does not affect FM or BMI until considering distance to school. Increasing walking or cycling distance was associated with lower FM. The everyday need to get to and from school enhances adolescents' overall PA. These findings substantiate the importance of considering mode of commuting to school as part of adolescents' overall PA. Considering commuting mode as well as distance to school could contribute to the appraisement of PA. Our data argue in favor of initiatives promoting active commuting to school to establish PA early into daily life. Continued research in this area may have important health and transportation policy implications.
